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Aims The aim of our study was to analyse the response to short-coupled atrial extrastimuli to identify areas of hidden slow con
duction (HSC) and their relationship with the atrial fibrillation (AF) phenotype.

Methods 
and results

Twenty consecutive patients with paroxysmal AF and persistent AF (10:10) underwent the first pulmonary vein isolation 
procedure. Triple short-coupled extrastimuli were delivered in sinus rhythm (SR), and the evoked response was analysed: 
sites exhibiting double or highly fragmented electrograms (EGM) were defined as positive for HSC (HSC+). The delta of the 
duration of the bipolar EGM was analysed, and bipolar EGM duration maps were built. High-density maps were acquired 
using a multipolar catheter during AF, SR, and paced rhythm. Spatial co-localization of HSC+ and complex fractionated atrial 
EGMs (CFAE) during AF was evaluated. Persistent AF showed a higher number and percentage of HSC+ than paroxysmal AF 
(13.9% vs. 3.3%, P < 0.001). The delta of EGM duration was 53 ± 22 ms for HSC+ compared with 13 ± 11 (10) ms in sites 
with negative HSC (HSC−) (P < 0.001). The number and density of HSC+ were lower than CFAE during AF (19 vs. 56 per 
map, P < 0.001). The reproducibility and distribution of HSC+ in repeated maps were superior to CFAE (P = 0.19 vs. 
P < 0.001). Sites with negative and positive responses showed a similar bipolar voltage in the preceding sinus beat 
(1.65 ±  1.34 and 1.48 ± 1.47 mV, P = 0.12).

Conclusion Functional mapping identifies more discrete and reproducible abnormal substrates than mapping during AF. The HSC+ sites 
in response to triple extrastimuli are more frequent in persistent AF than in paroxysmal AF.
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Graphical Abstract

Keywords Atrial fibrillation • Functional mapping • Hidden slow conduction

What’s new?

• Functional mapping with a short-coupled atrial extrastimuli tech
nique could reveal the presence of slow conduction zones.

• Left atrial hidden slow conduction zones are reproducible and more 
extensive in persistent atrial fibrillation.

Introduction
Atrial fibrillation (AF) increases the risk of stroke, impairs quality of life, 
and is associated with increased overall mortality.1,2 Pulmonary vein 
isolation (PVI) is the cornerstone treatment for AF, irrespective of 
the AF type.2,3 A durable PVI has a pivotal role in the maintenance of 
sinus rhythm (SR) in paroxysmal AF, with a success rate of 80–90% 
at the 1-year follow-up. Nevertheless, pulmonary veins (PVs) are not 
the only players in the complex phenomenon of AF genesis. In fact, 
PVI alone achieves a moderate success rate of 40–70% in patients 
with persistent AF.4

Atrial structural and functional remodelling promotes AF progres
sion, although the mechanisms are not yet completely understood. 
Several markers of atrial remodelling have been investigated as potential 
targets for adjuvant ablation including structural changes (areas of low 
voltage, regions with late gadolinium enhancement) or electrophysio
logical phenomena (rotational and focal activities).5–7 The results of 
these new techniques have been mixed, many of which require com
plex technologies or extensive ablations that are not exempt from po
tential complications. The aim of our study was to assess the presence 
and extension of areas of hidden slow conduction (HSC+) unmasked by 
short-coupled atrial extrastimuli that may be involved in AF 
maintenance.

Methods
Patient population
We conducted a prospective, single-centre, experimental study including 
consecutive patients referred to de novo AF ablation between January 

2022 and July 2022. All patients had documented symptomatic, 
drug-refractory AF and indication for ablation in accordance with ESC 
guidelines.8 Persistent AF was defined in the presence of at least one 
AF episode that was continuously sustained beyond 7 days, including epi
sodes terminated by cardioversion after >7 days. As part of the local in
stitution protocol, a multidetector computed tomography (MDCT) 
study was obtained in all patients prior to the ablation procedure, and 
post-processing aimed at the reconstruction of MDCT-derived maps 
with left atrium wall thickness (LAWT) information was performed, as 
previously described.9 Three-dimensional LAWT maps were also im
ported into the navigation system.9 This study was conducted in accord
ance with the principles of the Declaration of Helsinki, the protocol was 
approved by the Local Ethics Committee, and all participants signed the 
written informed consent.

Electrophysiology study
High-density voltage mapping was performed using CARTO3 and a multi
polar catheter (PentaRay®, Biosense Webster, Diamond Bar, CA, USA). 
The bandpass filter was set at 16–500 Hz, and the bipolar electrogram 
(EGM) was displayed at 100–200 mm/s and 0.1 mm/mV. Adequate endo
cardial contact was confirmed by stable EGMs and the distance to the 
geometry surface.

Procedural workflow is shown in Figure 1. Patients presenting to the lab 
in AF underwent first and repeat high-density maps during ongoing AF. 
Complex fractionated atrial EGMs (CFAE) were manually annotated in 
both maps to assess reproducibility. Electrical cardioversion (≤3 external 
biphasic shocks 200–360 J) was performed to restore SR. Functional map
ping was the first step in patients presenting in SR to the lab.

Baseline and repeat high-density maps were acquired in SR with triple 
short-coupled extrastimuli from the left atrial (LA) appendage (filling 
threshold 6 mm). The triple stimuli were delivered in accordance with 
the atrial effective refractory period (AERP) as follows: (i) AERP + 60 ms, 
(ii) AERP + (40–20) ms, and (iii) AERP + (30–20) ms. Electrogram dur
ation was manually annotated during SR and after triple extrastimuli. 
A colour-coded EGM duration map of the LA was constructed using 
the CFAE module (CARTO3) by manually annotating the earliest and lat
est EGM deflections. Electrograms recorded inside the PV antral area 
were excluded from the analysis. Reproducibility was assessed by com
paring the first and repeat maps.

If AF was induced during the triple extrastimuli, a maximum of three elec
trical cardioversions were allowed to restore SR.
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Atrial electrogram analysis and definitions
Bipolar atrial signals during SR were divided according to their EGM 
waveforms: 

• Normal (sharp EGMs with ≤3 positive or negative distinct peaks or 
EGM duration < 40 ms).10,11

• Complex EGMs during SR: 
• Fractionated (with >4 positive or negative distinct peaks and EGM 

duration ≥ 40 ms). Highly fragmented with ≥5 peaks ≥ 63 ms.10

• Double potential: two or more separate deflections separated by an 
isoelectric interval.10,11

• Hidden slow conduction EGMs (HSC-EGMs) (HSC+): highly fragmen
ted or double (showing an isoelectric line) EGMs in response to triple 
extrastimuli; they presented either normal or fractionated EGM in SR 
(Figure 2).

Sites were determined by visual analysis during electroanatomic map 
(EAM) acquisition and were analysed offline after the procedure. The delta 
of the duration of the bipolar EGM (third stimulated atrial EGM duration −  
atrial EGM duration of the sinus beat prior to triple extrastimuli) in millise
conds was recorded.

The HSC-EGM sites were represented with green dots, and highly frag
mented EGMs already manifest as SR with pink dots. Electrograms with a 
negative response to triple extrastimuli were represented with orange dots.

During AF mapping, the multipolar catheter was sequentially positioned 
at various LA sites. The local EGM was considered CFAE in the case of each 
component having multiple deflections (positive or negative) not separated 
by an isoelectric line > 120 ms including continuous electric activity.12

Points from EAM were projected on the computed tomography recon
structions using the transformation matrix (translation and rotation) 

applied in the navigation system for the registration of both images. We di
vided the LA into six segments (Figure 3) using ADAS-3TM software as fol
lows: anterior wall, septum, roof, posterior wall, left lateral wall, and PVs. 
Pulmonary vein EGMs were not included in the analysis.

Statistical analysis
Statistical analysis was performed using SPSS (version 23, SPSS Inc., Chicago, 
IL, USA). Comparisons between groups were performed using t-tests, and 
the equivalent non-parametric method and Wilcoxon rank tests will be 
used in cases in which the assumptions required for a t-test were violated. 
The normality of the data will be checked using box plots, normal quartile 
plots, and normality tests. The results will be expressed in terms of P values. 
All categorical data will be presented as frequencies and percentages, and 
comparisons between the randomization groups will be performed using 
χ2 tests or Fisher’s exact test to analyse the reproducibility of the maps. 
The inter-observer variability and intra-observer variability were assessed 
using the kappa index. Statistical significance was defined at P < 0.05. All 
data were analysed using the SPSS version 27.0 statistical package (SPSS 
Inc., Chicago, IL, USA).

Results
Patient population
From a total of 23 patients, 20 were analysed (10 paroxysmal AF and 10 
persistent AF), and three were excluded due to recurrent AF during the 
stimulation protocol. The mean age was 62 ± 7 years, with 75% being 
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Figure 1 Procedure workflow. Consecutive electroanatomic maps during SR with triple closed-coupled extrastimuli and AF were acquired. AF, atrial 
fibrillation; CFAE, complex fractionated atrial electrograms; SR, sinus rhythm.

SR S1 S2 S3

V6

HSC
EGM

–

HSC
EGM

+

HSC
EGM

+

150 mm/s

Figure 2 Schematic representation of EGMs after the application of the triple extrastimuli. EGM, electrogram; HSC, hidden slow conduction; SR, 
sinus rhythm.
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male. The survival rate without recurrence of AF at the 1-year follow- 
up was 90% for both types of AF. The baseline characteristics of the 
patients are detailed in Table 1.

Hidden slow conduction electrograms
The mean coupling interval of the first, second, and third extrastimuli 
was 320, 304, and 291 ms, respectively. A total of 2927 local bipolar 
EGMs from the first functional map were analysed: 298 (10.2%) were 
classified as HSC+, 2589 (88.4%) as HSC−, and 40 (1.4%) as highly frag
mented or double potential EGMs in the sinus beat. The HSC+ sites 
were revealed after the first, second, and third extrastimuli in 16 
(5.4%), 126 (42.3%), and 156 (52.3%) cases, respectively.

Overall, the mean EGM duration in SR was 58 ± 14 ms and increased 
to 74 ± 26 ms after triple extrastimuli (P < 0.001). Sites with negative and 
positive responses showed unremarkable differences in EGM duration in 
the preceding sinus beat (61 ± 15 ms vs. 56 ± 11 ms, P < 0.001). The 
HSC+ sites had a mean evoked EGM duration of 108 ± 26 ms compared 
with 64 ± 16 ms in the HSC− (P < 0.001) (Figure 4). The increase of EGM 
duration (delta) in sites with positive and negative responses was 53 ± 22 
and 13 ± 11 ms, respectively (P < 0.001) (Figures 4 and 5). The baseline 
EGM in SR had a similar bipolar voltage in both positive and negative re
sponse areas (1.65 ± 1.34 and 1.48 ± 1.47 mV, P = 0.12). The bipolar 
voltage of the evoked potential was lower in HSC+ compared with 

HSC− sites (0.64 ± 0.50 and 1.11 ± 1.20 mV, respectively; P < 0.001) 
(Figure 4 and Table 2).

The most frequent locations of the HSC+ were the anterior wall (89, 
35.6%) and the septum (61, 16.8%).

Positive hidden slow conduction and atrial 
fibrillation phenotype
The HSC+ sites were more frequent in patients with persistent AF 
compared with paroxysmal AF (14.2% vs. 3.2%, P < 0.001), with a 
mean of 24 ± 19 and 3 ± 4 and HSC+ sites per map, respectively 
(P < 0.001) (Figure 6). Electrogram characteristics at baseline and after 
triple extrastimuli are detailed in Table 3. There were no differences in 
the location of HSC+ sites according to the AF phenotype (P = 0.10).

Reproducibility of functional mapping
No significant differences were observed in the number (mean of 15 ±  
18 and 14 ± 17, respectively; P = 0.44) and distribution (P = 0.19) of 
HSC+ sites between the first and repeat maps. (Figure 7) Like the first 
map, the most frequent location of HSC+ sites in the remap was the 
anterior wall (41.5%). After analysing the variability on the interpret
ation of the repeat maps using the kappa index, we found a value of 
0.96 for intra-observer variability and 0.95 for inter-observer variability, 
demonstrating a strong level of agreement among observers in both 
contexts.

Functional and complex fractionated atrial 
electrogram map correlation
There were significantly higher amounts of CFAE (619, mean of 62 ±  
21 CFAE per map) than HSC+ (265, mean of 24 ± 19 per map; P =  
0.002). Despite similar amounts of recorded CFAE between first and 
repeat maps (P = 0.47), there were remarkable differences in distribu
tion (P < 0.001). The most frequent locations of CFAE in the first map 
were the anterior wall (27%), roof (26.5%), and posterior wall (22.9%), 
which was not consistent in the repeat map (P < 0.001), showing a high
er presence of CFAE at the anterior wall (32.4%), roof (24.7%), and 
septum (20.4%) (Figure 7).

The distribution of CFAE and HSC+ was not consistent (P < 0.001), 
as the most frequent location of HSC+ in patients with persistent AF 
was the anterior wall to a higher extent (38.9%), followed by the sep
tum (22.1%) and the posterior wall (15.4%) (P < 0.001).
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Figure 3 Left atrium segmentation. The left atrium was divided into six segments: anterior wall (A), septum (S), roof (R), posterior wall (P), left lateral 
wall (L), and pulmonary veins. LAA, left atrial appendage; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; RIPV, right inferior 
pulmonary vein; RSPV, right superior pulmonary vein.
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Table 1 Baseline characteristics of the patients

Paroxysmal AF Persistent AF P
(10) (10)

Age 61 ± 7 61 ± 10 0.97

Gender (♂) 7 (70%) 8 (80%) 0.69

AHT 6 (60%) 5 (50%) 0.50

LA diameter (mm) 38 ± 9 44 ± 7 0.07

LVEF 64 ± 10 56 ± 9 0.96

AAD 9 (90%) 10 (100%) 0.50

BB 7 (70%) 9 (90%) 0.55

AAD, anti-arrhythmic drug; AF, atrial fibrillation; AHT, arterial hypertension; BB, 
beta-blockers; LA, left atrial; LVEF, left ventricular ejection fraction.
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Discussion
Main findings
The main findings of the study can be summarized as follows: (i) short- 
coupled atrial extrastimuli unmasked highly fragmented or double atrial 
evoked EGMs in patients with AF; (ii) HSC+ detection was reproducible 
and was more frequently observed in persistent AF; (iii) HSC+ sites 
were smaller and did not consistently co-localize with areas of complex 
EGMs recorded during AF; and (iv) sites with negative and positive re
sponses showed similar EGM characteristics in the preceding sinus beat.

Electrogram fractionation and atrial 
fibrillation progression
Fibrosis is the main determinant of EGM fractionation.13 Electrical re
modelling can precede fibrosis, characterized by the reduction in con
nexin expression that results in reduced intercellular coupling with 
electrical impulse conduction impairment.14 Areas with fibrosis have 
lower bipolar voltage, lower conduction velocity, and a higher degree 
of EGM fractionation. Areas of interstitial fibrosis are more prevalent 
in patients with AF, are age related, and represent a potential arrhyth
mia substrate.15–17 In line with previous studies, we observed higher 
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Figure 4 Electrogram characteristics of sites with positive (turquoise boxes) and negative (red boxes) responses to triple atrial extrastimuli. Bipolar 
voltage (A) and EGM duration (B) of the preceding SR and after the third extrastimulus. The middle horizontal line represents the median, the box 
represents the first and third interquartile range, and the vertical line represents the non-outlier range. EGM, electrogram; HSC, hidden slow conduc
tion; SR, sinus rhythm.

Figure 5 Electrogram duration maps. The left panel shows the colour-coded EGM duration map during SR. The right panel shows the evoked re
sponse colour-coded EGM duration map. An area of abnormal prolonged EGMs is observed in the anterior region of the left atrium in response to triple 
atrial extrastimuli. EGM, electrogram; SR, sinus rhythm.
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functional conduction slowing in response to closed-coupled extrasti
muli in patients with persistent AF (14% vs. 3% in paroxysmal AF), sug
gesting advanced atrial remodelling. Although the SR bipolar voltage of 
the positive and negative response sites was similar, the evoked re
sponse of the HSC sites showed significantly lower bipolar voltage; 
HSC+ may unmask conduction abnormalities and represent an early 
marker of tissue fibrosis, otherwise unidentifiable during mapping in 
SR. Remarkably, sites with positive and negative responses showed a 
similar bipolar voltage and duration in SR, therefore not distinguishable 
without functional mapping.

Electrogram fractionation during sinus 
rhythm and atrial fibrillation
Electrogram fractionation during AF depends on structural and func
tional factors that are not always associated with the arrhythmia main
tenance mechanism and also usually shows dynamic changes depending 
on the AF cycle length.18,19 As expected, in line with previous works, we 
observed that sites with fractionation during AF changed between the 
two consecutive AF maps. Conversely, HSC-EGMs were consistent in 
terms of quantity and distribution.

Considering that CFAE during AF might be functional or occasionally 
bystanders that do not promote AF maintenance, some authors have 
investigated fractionation during sinus or stimulated rhythm and AF. 
Jadidi et al.20 described the locations of areas of continuously fractio
nated atrial EGMs during AF and then correlated these areas with 
the locations of fractionated atrial potentials during SR and coronary 
sinus (CS) pacing in the same patients. There was little or no correlation 
between the locations of continuously fractionated EGMs during AF, 
during SR, and/or during CS pacing. Fractionation in SR and CS pacing 
was mostly caused by wave collision.20 Similar results were obtained for 
others.21 Recently, Huang et al.22 related prolonged fractionation areas 
with low-voltage areas, with discordance in prolonged fractionation 
areas on the SR vs. AF map in patients with no/little underlying low- 
voltage substrates during SR.

There are marked differences between these works and this study. 
First, the definition for fragmented EGMs used in these previous studies 
was ≥4–5 deflections or EGMs with a delayed low-voltage component 
following a first component without considering EGM duration. We 
have focused on highly fragmented EGMs with ≥5 deflections and dur
ation ≥ 63 ms. More recently, a study by Jadidi et al.23 observed that in 
most of the termination sites during non-paroxysmal AF ablation, frag
mented EGMs with delayed components were present in SR. Using a 
more restricted definition of fragmented EGMs in which voltage and 
duration (≥50 ms) are considered, it has been observed that they could 
be a potential target for AF ablation.24 The results of targeting these 
complex EGMs were similar to the stepwise approach with lower 
requirements.25

Functional atrial mapping
Functional mapping could be useful to unmask EGMs suggestive of slow 
conduction, otherwise not evident during SR. Recently, Wong et al.26

observed a higher proportion of complex signals at 300 ms pacing com
pared with 600 ms pacing. It is well known that the coupling interval of 
the stimulus is crucial in the formation of complex EGMs, allowing us to 
unmask dispersion in the propagation velocity between neighbouring 
fibres.27

Frontera et al.28 recently analysed slow conduction corridors, defined 
as regions with conduction velocity < 50 cm/s, more frequent in pa
tients with persistent AF, suggesting re-entry zones that generate sub
strates for the maintenance of AF. However, a relationship between 
these slow conduction corridors and the fractional and low-voltage 
EGMs has not been established. In a previous study, they established 
slow conduction as the main mechanism for fractioning EGMs with an 
amplitude of >0.5 mV (areas not usually considered diseased tissue).15

Short-coupled stimulation is used for slow conduction identification 
during ventricular tachycardia (VT) substrate mapping.29 Abnormal 
ventricular areas related to VT display decremental conduction. The 
double ventricular extrastimuli technique permits the identification of 
HSC, improving arrhythmia substrate identification.30 Unlike what hap
pens during AF, in which the fractionation sites can be pivot points of 
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Table 2 Global characteristics at baseline and after evoked response

Baseline After evoked response

Voltage Duration Voltage Duration Delta

Positive 1.65 ± 1.33 56 ± 11* 0.64 ± 0.5* 108 ± 26* 53 ± 22*

Negative 1.48 ± 1.47 60 ± 15 1.11 ± 1.20 64 ± 16 13 ± 11

*P < 0.001, positive vs. negative.
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Figure 6 Box plots (turquoise boxes) of sites with HSC-EGMs in 
patients with paroxysmal and persistent AF. The red box plot repre
sents the number of CFAE in patients with persistent AF. The middle 
horizontal line represents the median, the box represents the first and 
third interquartile range, and the vertical line represents the non- 
outlier range. AF, atrial fibrillation; CFAE, complex fractionated atrial 
electrograms; HSC-EGM, hidden slow conduction electrogram.
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wavelets or sites of wave collision, the appearance of fractionation 
when stressing intra-atrial conduction with short coupling mainly ex
presses areas of slow or poor conduction cell coupling. Analysis of 
the response to closely coupled atrial extrastimuli could identify areas 
of slow conduction that can promote re-entry and AF maintenance.

Complex atrial electrogram distribution 
and reproducibility
Saghy et al.21 observed that there was no positive correlation between 
CFAE and fractionated EGMs in SR. Most of the fractionated EGMs in 
SR were located in the anterior wall and septal segment. Huang et al.22

found that the segments with the greatest fractionation were the anter
ior wall, followed by the posterior wall and the septum. Frontera et al.28

located the slow conduction channels (measured by conduction vel
ocity) preferentially in the anterior wall. Recent data suggest that the 
proximity of the aortic root may be related to the substrate for left an
terior wall atrial arrhythmias.31 Although the detection of HSC-EGMs 
by triple extrastimuli has not been previously studied, in line with pre
vious works, the most frequent location of the HSC-EGM was the an
terior wall, followed by the LA septum. No differences were found in 

the spatial distribution of the HSC+ sites according to the AF pheno
type, but they cannot be ruled out considering the small sample size.

The triple extrastimuli technique to unmask HSC-EGMs seems ro
bust and reproducible. It shows consistency in the initial map and in 
the remap for the characteristics, number, and spatial distribution of 
HSC-EGMs.

Clinical implications
Novel ablation targets beyond PVI may be required to achieve better 
outcomes in the persistent AF population. Pre-defined linear lesion 
sets and ablation of CFAE have been proposed but have failed to prove 
benefits in terms of AF recurrence.32 Recently, the multicentre 
ERASE-AF trial showed that targeting low-voltage areas reduces recur
rences at 12 months.33 However, only 35% of the patient population 
showed low-voltage areas. In this series, all patients with persistent 
AF showed HSC-EGMs. Only 7.7% of sites with positive responses 
were located in areas of low voltage (<0.5 mV) during SR. The bipolar 
voltage of the evoked potential was lower in HSC sites (0.64 ± 0.50 mV 
vs. 1.11 ± 1.20 mV). Functional mapping with the triple extrastimuli 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Electrogram characteristics of paroxysmal and persistent

Duration (ms)

Baseline Evoked response Delta

Paroxysmal Positive 65 ± 16** 127 ± 33*,** 63 ± 27*,**

Negative 65 ± 15 65 ± 14 11 ± 9**
Highly fragmented 101 ± 29

Persistent Positive 55 ± 10 106 ± 24* 51 ± 21*
Negative 56 ± 15 64 ± 17 14 ± 12

Highly fragmented 83 ± 15

Double potential 70 ± 49

*P < 0.001, positive vs. negative. 
**P < 0.001, positive paroxysmal vs. positive persistent.

MAP

Re
MAP

HSC-EGM CFAEA C

DB

Figure 7 Hidden slow conduction electrogram reproducibility. This image illustrates the reproducibility of EGM fractionation during functional map
ping or AF. Electrograms showing a positive response to short-coupled extrastimuli (HSC-EGMs) in two consecutive maps are shown in (A) and (B) 
(green dots). (C ) and (D) show sites with CFAE (pink dots) in two consecutive maps during AF from the same patient. AF, atrial fibrillation; CFAE, 
complex fractionated atrial electrograms; EGM, electrogram; HSC, hidden slow conduction; LAA, left atrial appendage; LIPV, left inferior pulmonary 
vein; LSPV, left superior pulmonary vein; RIPV, right inferior pulmonary vein; RSPV, right superior pulmonary vein.
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technique could allow the early identification of the arrhythmogenic 
substrate, a potential target for ablation.

Study limitations
The study includes a relatively small sample size. Triple extrastimuli 
were delivered from the LA appendage aiming to generate a non- 
physiological activation wavefront to maximize the sensitivity to identify 
areas of functional slow conduction. Future comparisons of the evoked 
response with different pacing sites are needed. In the present study, 
we do not obtain magnetic resonance imaging to compare the distribu
tion of HSC+ with hyperenhancement areas.

Conclusions
Highly fragmented or double atrial EGMs recorded in response to 
closed-coupled triple extrastimuli are reproducible and more common 
in persistent AF. Regions with positive evoked responses were less ex
tensive and had limited overlap with the regions of CFAE. This type of 
evoked response (HSC+) could reveal the presence of slow conduction 
zones and/or interstitial fibrosis and could be considered a potential tar
get for ablation of persistent AF. Further studies are needed to confirm 
the results of this work, which should be interpreted as hypothesis- 
generating. A randomized trial is currently in progress to assess the po
tential benefits of targeting these areas for ablation.
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